The electrostatic discharge (ESD) effect in GMR heads in the deshunting process is studied in order to prevent the damage in this process. The simulation and experiment results are investigated and compared. It is found from these results that sequences of deshunting process, currently operating, can cause the damage of GMR heads due to the ESD effect, based on the charged device model, CDM. This also shows that the voltage across GMR head, as the tweezers is used, can be raised up to ∼3.7 V which is about harmful to damage the head. Examples of damage heads confirmed by the SEM are also shown.
Introduction
The GMR film has been known as a new sensor with a high resistance change at a small magnetic field and so, it has been applied to be used as a crucial element in a GMR head. Although the performance of this head is exponentially developed, the ESD effect is also more seriously considered [1] .
Many methods of ESD prevention have been proposed in order to reduce the ESD effect as much as they can but it is still not completely eradicable. This is because in the production of GMR heads there are more than 18 processes that can be affected by the ESD effect. A process that is obviously seen to cause the damage is the Head Gimbal Assembly, HGA, process. In this process the flex is placed on a suspension arm and 4 wires (R−, R+, W− and W+) of the flex are left independently before connecting to an electronic circuit in the next process.
In 1998, Zhu [2] showed that shunting all 4 wires before connection in the next process can prevent the MR heads from ESD effect. Consequently, the GMR head industry has changed this process according to Zhu's presentation. The shunted HGA is shown in Fig. 1 .
However, the shunting connector has to be cut, called "deshunting," in order to connecting to an electronic circuit. This is thought to cause the ESD effect by a human body or a cutting device.
It has been found that the ESD effect could possibly damage the gap between GMR element and the bottom shield by using human body model, HBM [3] . The record- ing head circuit proposed by A. Wallash [4] was adapted to be used in the simulation and circuits of wire with cutting switches are added [3] . In this paper, the charged device model, CDM, is used to investigate the ESD effect in the process. There are 2 models of charged devices, i.e. Direct Charged Device Model (DCDM) and Field Induced Charged Device Model (FCDM). Since the HGA is placed in an electrostatic field, the charges in conductors of HGA are induced. So, when the wires are connected or grounded the charges will move and it causes the ESD event [4] . Therefore, the model of FCDM is used in this experiment.
Experimental Method
The model of FCDM used in this experiment is based on that presented by Lam [5] . The charged plate, represented by a capacitor of 20 pF, is connected to a variable DC supplier of a range of 50 V-3 kV in order to generate an external electrostatic field to an HGA. An electrostatic voltmeter, Trek 520, is used to measure a voltage above the plate.
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The experiment is started by placing an HGA above the plate at a constant distance, varying the DC voltage from zero to a desired voltage and, then, grounding the HGA through a resistor or tweezers. While it is discharging, the current passing through a resistor is measured by using a current transformer probe, CT 6, and recording its waveform by using a digital oscilloscope, Lecroy LC 574A, as shown in Fig. 2 .
Before and after the experiment, the resistance and voltage's amplitude of recording heads are measured using a transfer curve instrument with a 40 Oe external magnetic field and a 1.3 mA bias current for measurements of amplitude and resistance respectively.
An applied voltage is increased until reaching a value that the resistance changes more than 10% of its original value. At this value, the GMR head is industrially assumed to be physically damaged and this voltage is used as a charged-plate voltage for the GMR head circuit in the simulation, as shown in Fig. 3 .
In Fig. 3 , the circuit is divided into 2 main parts, i.e. the GMR head and the FOS (Flex on Suspension) parts. A charged plate represented as a 20 pF capacitor is used to supply a voltage into the GMR head through a 100 MΩ 1 Ω, C8-C11=0.5 pF and L1-L4=0.87 nH. The resistance of GMR head is about 50 Ω and its height is less than 10 nm. The coil resistance and inductance are about 10 Ω and 4 mH. The sequences of deshunting direction was preliminary studied [6] and however, the completed study is shown in this paper.
The simulation will compare the dependence of ESD effect on 4 sequences of deshunting as
. R+ and W+ / R− and W−, 4. all 4 wires. In each sequence of deshunting, the time interval of cutting is also studied with different supplied voltages according to that achieved from an experimental result.
In practice, a voltage across the GMR element of an order of ∼3-5 V and across the gap of an order of ∼16.75 V can damage this head type. Therefore, a charged-plate voltage is to be determined experimentally by varying a DC voltage supplier at which the head is found damaged.
The dependence of ESD effect on resistances of discharging resistor, 1 Ω and 12 kΩ represented a conductor and tweezers respectively, are also studied.
Results and Discussions

Experimental Results
Samples of GMR heads are tested by applying a DC voltage and measuring voltages at which their amplitudes or resistances begin to decrease or increase dramatically. These values are impossibly the same in each sample because of the whole production. An estimated value is therefore determined.
In Fig. 4-Fig. 7 , a line shows the results of each sample. This is because it is necessarily to replete the measurement in order to determine the estimation of a charged-plate voltage. It is found from Fig. 4 and Fig. 5 that charged-plate voltages when discharging through tweezers are higher than that when discharging through a 1 Ω resistor. This is also seen similarly in Fig. 6 and Fig. 7 as the recording-head resistance measurements are conducted.
This can be explained by a method of voltage divider. It is estimated that charged-plated voltages of a 1 Ω resistor and tweezers are about 400 V and 1,800 V respectively.
In addition, it is observed that the lowest line in Fig. 4 decreases as a U-like curve. This is an example of an embedded failure which is undetectable in a mass quality controlled test. It is thought to be because of instantly reversible magnetization of GMR film [7] .
A sample of damaged GMR head when discharging through a 1 Ω resistor with a charged-plate voltage of an order of ∼400 V is shown in Fig. 8 using the SEM.
Simulation Results
In the simulation experiment, charged-plate voltages, 400 V and 1,800 V for discharging through a 1 Ω resistor and tweezers respectively, obtained from the experiment are used for the simulation.
In Fig. 9-Fig. 12 , they are shown the dependence of time intervals of deshunting and the dependence of sequences of deshunting on the voltage across GMR head and across a gap. It is seen in Fig. 9 that the voltage across a gap seems to decrease when the interval time is about 100 µs but that in Fig. 10 seems to rapidly decrease when the time interval is about 10 µs. This difference cannot be observed in Figs. 11 and 12 when the voltage across GMR is measured. It is possibly due to a higher charged voltage across the gap and so, a voltage across GMR, in Fig. 12 , is substantially deducted.
The time intervals of deshunting are varied from 0.1 µs to 1 ms. It is found from these results that the voltages across a gap and GMR element tend to decrease as the time interval are longer. This can be explained as the behavior of a capacitor as a longer discharging a lower voltage drop across a gap or GMR element. However it seems to be insignificantly effective as compared to the sequences of deshunting.
It is obviously seen from these results that the present sequence of deshunting, R− /R+ /W+ / W−, may cause the damage of GMR head as a voltage across the GMR head can be raised up to ∼9 V and ∼3.7 V for discharging through a 1 Ω resistor and tweezers respectively. Although, a voltage across the gap for both discharging through those two resistances are not obviously seen to damage the gap, it is found that this conventional sequence gives higher voltage than that of the all 4-wire deshunting.
From these experiments, it can be said that for deshunting all 4 wires at the same time an ESD will not affect a GMR head. This is because the circuit is likely to be open and so, no current passing the GMR head. However, constant voltages across the gap of an order of ∼1 V and ∼5 V, as shown in Figs. 9 and 10 respectively, are thought to be due to the charging of capacitors.
Conclusion
It is found that deshunting a GMR head with tweezers requires higher zapping voltage of an order of ∼1,800 V than that with a conductor, an order of ∼400 V. It is also seen from the simulation results based on a real value of each element in GMR head circuit that the damage of GMR heads due to an ESD effect is more dependent on the sequences of deshunting rather than the time interval of deshunting. Therefore, deshunting all 4 wires at the same time with tweezers is less harmful to GMR heads. ments and suggestions. Also, reviewers are more than appreciable to thank for their times and suggestions.
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